Objective: Central venous catheterization is a technically difficult procedure in pediatric patients. Ultrasound guidance is becoming popular during the procedure. This study is designed to examine the success rate of ultrasound guidance during internal jugular vein catheterization and factors influencing the success rate in pediatric patients. Methods: Pediatric patients who underwent central venous catheterization within a period of 12 months were included in the study. After routine anesthesia induction and treatment, patients were positioned for catheterization. Ultrasound-guided catheterization was performed. The performer specified the time to switch cutdown method for catheterization. The patients' demographic characteristics, the performers' experience, cannulation side, number of attempts and complications were recorded. Success was defined as accomplishment of ultrasound-guided catheterization. Results: In 144 out of 180 patients, cannulation was achieved at the first attempt. Only in 8 catheterization procedures, more than one performer tried to realize the intervention. Nine patients had cutdowns for cannulation, which meant that ultrasound guidance was successful in cannulation of 171 (95%) patients. Seven cutdowns were performed by the attending physicians, and the other two by residents. Complications as arterial puncture, hemothorax, and pneumothorax were not seen during catheterization. Conclusion: Ultrasonografi is a very useful tool for catheterization in pediatric patients even in inexperienced hands. Experience is an important factor for improving the success.
INTRODUCTION
Opening a central venous access may be essential in pediatric patients for the administration of fluid, blood product (s), medications, parenteral nutrition, renal replacement therapy and hemodynamic monitoring. Achievement of a central venous access in pediatric population can be challenging. Failure rates in pediatric patients, range from 5% to 19%, with reported complication rates varying from 2.5% to 22% (1, 2) . Complications related to realization of central venous access include; arterial puncture, nerve injury, pneumothorax, thrombosis, hematoma and even death (3) .
Central venous catheter placement is technically difficult in pediatric patients because of anatomic variations due to smaller size of the patient. The landmark technique has been the standard approach for many years. As compared to landmark method; in pediatric patients the use of ultrasonography (US) has been associated with an increased success rate, decreased operation time, reduced number of attempts, and decreased number of carotid artery punctures (4) (5) (6) (7) . Failure rates at first attempt have been documented as 60% in pediatric patients (7, 8) .
Ultrasound-guided internal jugular vein cannulation has found to be safer and more successful than ''landmark technique'' in pediatric patients (9, 10) . In 2001 Agency for Healthcare Research and Quality reported that ultrasound-guided central venous catheter placement as one of the top 11 highly-proven patient safety practices (11) . However, ultrasound guidance is still found to be limited in use because of the time delay during procedure (12) .
There are many factors that affect the success rate and occurrence of complications including patients' size, site of cannulation, operator's experience, previous cannulations, and vascular anomalies. This study is designed to examine the success rate of ultrasound guidance during internal jugular vein catheterization and factors influencing the success rate in pediatric patients.
MATERIAL and METHODS
Following ethics committee approval (13968; 13.03.2014), pediatric patients who underwent central venous catheterization within a period of 12 months were included in the study. Informed parental consent was obtained in each case. Inclusion criteria were; ASA I-III, patients aged >1 month, central venous catheterization indicated for several reasons (fluid replacement, medication, feeding). Exclusion criteria were; parental refusal, and <1 month of age.
The patients were taken into operating room and routine monitorisation applied for each patient. Following induction of anesthesia with either inhalational or intravenous agents, airway was secured using laryngeal mask, tracheal tube or tracheostomy cannula. Anesthesia was maintained using sevoflurane 2-3% in an oxygen/nitrous oxide mixture.
The patients were placed in supine position with a shallow pillow under their shoulders. The pillow provides about 150° of neck extension and adjusting the table to Trendelenburg position achieves effective venous filling. Then the head is rotated to the contralateral side of cannulation to provide space for handling and stretching of the veins. After skin preparation for sterile procedure, real-time 2D ultrasound machine, Venue 40 (General Electric Company®, Wauwatosa, WI, USA) with a 12L-SC linear probe was enclosed in a telescopically folded sterile sheath. The performer placed the probe on the neck perpendicular to the skin, lateral to the trachea and superior to the clavicle. The internal jugular vein lies laterally to the carotid artery, into the center of the triangle formed by the two lower heads of the sternocleidomastoid muscle and the clavicle. The carotid artery and internal jugular vein could be distinguished by their characteristics by using out-of-plane approach, so the veins were visualized in short axis. When the best image of the jugular vein was obtained, the middle point of the probe was aligned on the jugular vein. Following identification of the ideal puncture site, the needle was inserted from the midpoint of the probe. When the flashback into the syringe was observed, the guide wire was inserted through the needle. After confirming the position of the guide wire by fluoroscopy, cannulation was completed by using Seldinger's technique. Fluoroscopy was used to determine the final position of the catheter tip. Either a 4 or 5 Fr double-lumen central venous cat-heter (Arrow International®, Reading, PA, USA) was used according to patient's age.
The right side was always the index choice for cannulation. After four unsuccessful attempts, the cannulation side was shifted. If the patient had undergone cannulation from the right side before, then left side was used for cannulation as index choice. The performer decided when to use cutdown method. Switching to cutdown method was defined as 'failure of cannulation'.
Age, weight, diagnosis, airway device, history of cannulation, the performer's experience resident or specialist, years of experience, number of attempts, cannulation side, number of cutdowns, duration of surgery, and anesthesia and catheter-related complications were recorded.
Data analysis was performed with statistical software (SPSS for Windows, version 15, SPSS Inc., Chicago, IL, USA). Descriptive statistics of variables with normal distribution were expressed as mean ± standard deviation and those with abnormal distribution as median (minimum-maximum). The nominal variables were expressed as numbers and percentages (%). The differences between the mean values were evaluated by t-test, and between median values by Mann-Whitney U test. Nominal variables were evaluated with Pearson χ 2 test (chi-square test) or Fisher exact test. Statistical significance was set at P≤.05. According to the statistical power analysis, the results of 172 study patients were within 95% confidence interval.
RESULTS
During a 12-month period, 180 central vein catheterization procedures were performed.
Median age of the patients was 36 months (range, 1 month-18 years), and a median weight was 15.5 kg (range, 1-85 kg). The indications are shown in Table  I . Seventeen (9.4%) out of all (n=180) patients had more than one diagnosis.
Airway management was performed either by using laryngeal mask airway (LMA) (144/180), endotracheal tube (35/180) or via tracheostomy cannula (1/180).
The performers were either attending physicians or residents. Ninety-nine (55%) attending physicians, and 81 (45%) residents performed catheterizations. The median years of experience of attending physicians, and residents were 4 (range, 2 to 5) and 3 (range, 1-5) years, respectively.
Venous catheterization was performed successfully in 144 out of 180 patients at first attempt (Table II) . Only in 8 patients more than one performer attempted catheterization.
In 9 patients cutdowns were performed for cannulation, which means that US guidance succeeded in cannulation of 171 (95%) patients. The seven out of nine cutdowns were applied by attending physicians, and others by residents. There was no difference between attending physicians, and residents as for using of the cutdown method (p=0.179) (Table III) . There was a difference between patients who had successful and unsuccessful cannulation in terms of their age and weight. The median age of the patients who had cannulation via cutdown was 0.29 years (0.08-13 min-max) (p=0.002), and the median weight was 5 kg (3-15 min-max) (p<0.001).
Venous access times differed between attending physicians, and residents. The median access time related to attending physicians' performance (the time between penetration of needle and replacement of catheter) was 15 min (range, 5-60 min), while it was 20 min (range, 5-45) for residents (p=0.021) (Table IV) .
There was no complication like arterial puncture, hemothorax, and pneumothorax during catheterizations.
DISCUSSION
In conclusion, as an outcome of this study, US guidance has significantly achieved meaningful success in internal jugular vein cannulation in pediatric patients and the performers' experience is an important factor during this procedure. There is a reverse proportion between years of experience and number of cutdowns performed.
Central vein catheterization is generally performed to infuse drugs (especially chemotherapeutics) and fluids in pediatric patients. The practice of US during central venous catheterization was described in 1990's and has gained popularity over years (13) . Before US guided-catheterization, landmark technique was preferred for central vein cannulation. A number of studies have shown that US technique is superior to landmark technique (4) (5) (6) (14) (15) (16) .
Central venous cannulation can be difficult in pediatric patients related to small size of the patients, and anatomical variations. Many factors affect the success of the procedure; the cannulation side may be also an important factor as well. As a conclusive remark, Hind et al. (9) suggested that right jugular vein offers higher success rate for US-guided central venous cannulation. In support of this assumption, in the current study, right side was preferred for the first attempt unless any catheterization was performed previously.
Number of attempts is associated with higher complication rates. In a meta-analysis, Hind et al. (9) concluded that complications are directly proportional to the number of attempts. Asheim et al. (17) found that 40 out of 42 patients had successful US-guided cannulation at first attempt. Complication rates were highest with more than 3 cannulation attempts (17, 18) . So cannulation attempts would be a meaningful outcome measure when evaluating the success rates of US guidance. US -guidance allowed the ability to visualize and avoid critical structures during central venous catheterization (19, 20) . In fact, good visualization of the vein improves and facilitates the needle's insertion. In our practice, we used the midpoint of the probe as the insertion point, and stabilized the image of vein to the middle of the probe. We were able to achieve cannulation of internal jugular vein in 144 (80%) out of 180 patients at the first attempt.
Using US guidance for central venous catheterization clearly improves the success of the procedure. Achievement of US-guided catheterization using percutaneous method was defined as success while catheterization with cutdown method as failure in the study. In the recent study, in only 9 patients cutdown was used, so the success rate was calculated as 95%. In a large case series including 500 children, the success rate was 99.8% (21) .
Only 2 out of 9 cutdowns performed by the residents which shows that US is really a helpful tool in catheterization even by less experienced performers. However there was no significant difference between residents and attending physicians, because attending physicians apparently performed higher number of cutdowns than residents. This condition could be explained by the fact that generally the specialists performed more difficult cases. However less experienced operators achieved higher success rates with the use of US (6) .
Other factors that may affect the success of catheterization could be gender, age and body weight of the patients. According to our results age and weight might account for the difference. Smaller age and weight seem to be negative factors during central venous catheterization.
As for the duration of catheterization, the attending physicians performed catheterizations quicker than the residents as expected. Expertise in US practice will reduce the number of attempts, duration of cannulation and complication rates (22) . In a recent study, as the experience of the performer increased, the time needed for cannulation decreased.
However, comparing US-guided technique with landmark technique would probably lead to achievement of more remarkable results, unfortunately negligence of this issue may be the limitation of this study. But we thought it would be unethical not to use US for central vein catheterization while owning an ultrasound for catheterization.
As a conclusion, ultrasound is a very useful tool for central venous catheterization in pediatric patients. Experience is an important factor for improving the success rates. Good visualization using ultrasound aids in the catheterization and increases the success rates at first attempt, which is directly related to lower rates of complications.
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